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Abstract: Trivalent Erbium ions (Er
3+
) doped in silica glass was prepared by sol-gel technique which relies on 
the chemical reaction of liquid precursors to form the glass. Absorption spectrum was recorded in the visible 
region which shows several peaks resulting from the transition from ground state 
4
I15/2 to various excited states. 
The optical absorption has been investigated using Judd-Ofelt (J-O) theory. J-O parameters were obtained from 
the absorption spectrum. Large value of the parameter Ω2 shows that the bonding of the dopant to the host 
network is more covalent than ionic.  
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1. Introduction:  
 
Rare earth (RE) ions embedded into glasses and crystals and nano particles via sol-gel process enables the 
design of photonic and Opto-electronic materials. Since the f- orbital is strongly shielded from the outside 
ligands, the position of the spectral lines vary only slightly with the environment, however their intensities are 
strongly dependent on the host where the RE ions is embedded. Currently there is a growing interest in the study 
of new photonic materials prepared by sol-gel technique.  Study of trivalent rare earth ions doped materials for 
their possible applications in optical amplifiers, display devices, communication fields and solid state lasers [1, 
2]. Glasses are well suitable hosts for the rare-earth ions as they provide a long composition range, good rare 
earth solubility and cost effective. Silica glass has many favorable properties as a host for rare earth (RE) ions as 
it has high transparency, good chemical and thermal stability, low thermal expansion and good mechanical 
strength [3,4-6]. In this sense, glass has proved to be useful as host materials for rare-earth ions, because of their 
high transparency composition and easy mass production. This is explained by the presence of a large 
concentration of radiation-induced color centers [7].The optical properties of RE ions with transitions between 
different 4f
n
 energy states [8]. Among the RE ions Er
3+
is the most favorable and extensively studied [9-11]. 
In this paper we investigate the Optical properties of Er
3+
 doped with sol-gel silica glass. The optical absorption 
has been investigated using the Judd-Ofelt theory. J-O parameters Ω2, Ω4, Ω6 were obtained from the absorption 
spectrum and used to study the optical properties of the prepared glass sample [12-14]. 
 
2. Experimental method: 
 
2.1. Glass sample preparation: 
 
The silica glass samples were prepared by the procedure similar to that described in our previous paper [15, 16]. 
The sol-gel silica glass containing in ratio of TEOS, H2O, C2H5OH and HNO3 is 1:5.5:3.5:0.1 and in this present 
work Erbium oxide is used as source of Er
3+
in place of Pr(NO3)3 .6H2O and HoCl3.6H2O. The samples were 
dried by slow heating to 90℃ then annealed in an electric muffle furnace up-to 1000℃ with heating rate 1℃ per 
1 minute to form dense glass samples with thickness 0.2cm, diameter 1.6cm, density 2.06 g/cm
3
 and refractive 
index 1.62.  
 
2.2. Experimental setup: 
 
Absorption spectra were recorded in the visible region at room temperature using iHR320 imaging spectrometer 
in the spectral range of 400-900nm, using Syner JY
TM
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3. Results and discussions: 
 




The spectral intensities of f-f transitions of RE have been treated using phenomenological approach of Judd-
Ofelt theory [12, 13]. The electronic dipole line strength is expressed as a sum of product of experimentally 
derived intensity parameters and matrix elements of tensor operators connecting states of 4f
n
 configuration. 
Intensity parameters determined for a given ion host are used to calculate the probability of transitions between 
any 4f
n
 level of interest for laser action. This includes adsorption and fluorescence intensities, excited state 
absorption, radiative lifetime and branching ratios. Since the J-O parameters do not differ greatly for adjacent 
ions in the lanthanide series elements can be made using extrapolated values. In glasses, transition probabilities 
as well as energy levels vary from site to site.  
 
By Judd-Ofelt (J-O) theory, the analysis of the radiative transition in the 4f states of Er
3+
 is performed. 
According to J-O Theory, the calculated oscillator strength (fcal) of the electric dipole transition between two 
states | l
N
SLJ > →| l
N








𝜆=2,4,6                                      (1) 
where, m=9.10904×10
-28




 is the velocity of light,  h=6.6261×10
-27
 
erg is Planck's constant, J is the total angular momentum of the initial state, n=1.62 is the refractive index, Ωλ 
are the J-O intensity parameters and ||U
(λ)
|| are the reduced matrix elements evaluated in the intermediate 




S'L'J' > at energy ?̅? expressed in cm-1. The reduced matrix 
elements || U
λ
|| are known to be relatively host independent, so the values obtained by Carnall et al. [17], are 
used in the calculations. 
 
The experimental oscillator strengths for transitions from the ground state to the excited states are determined 




∫ 𝜀(?̅?) 𝑑𝜈                                                                (2) 
where, e = 4.803×10
-10
esu (elementary charge), me = 9.10904×10
-28





(speed of light), h = 6.6261×10
-27




𝑓𝑒𝑥𝑝 = 4.319 × 10
−9 ∫ 𝜀(?̅?) 𝑑𝜈                                                            (3) 
where, 𝜀(?̅?) is the molar absorptivity at energy (?̅?) cm-1. The molar absorptivity, 𝜀 values can be calculated from 
the absorbance A by use of Lambert Beer Law: 
A= 𝜀. 𝑑. 𝑐                                                                              (4) 
where 𝜀 is the molar absorptivity [dim: L2, units: mol-1[cm-1]], c is the concentration [dim:L-3,units:mol-1], d is 
the optical path length [dim: L, units: cm]. The area can be determined by integrating the peak which is 
equivalent to the calculation of the integral 
∫ 𝜀(?̅?) 𝑑𝜈                                                                               (5) 
The Judd-Ofelt intensity parameters are evaluated using least square fitting and the oscillator strengths obtained 
from equation (3) which is experimentally determined values and co-related with the theoretical expression 
given in Eq. (1). 
 
Fig1 shows the absorption spectrum of Er
3+
doped glass which has been recorded in the 400-900nm region. 
Absorption bands observed at different wavelengths of  795nm, 653nm, 543nm, 521nm, 488nm and 433nm 






























H11/2 transition at 521nm 
has maximum intensity. 
Journal of Applied and Fundamental Sciences    
   
   
 
 
   
JAFS|ISSN 2395-5554 (Print)|ISSN 2395-5562 (Online)|Vol 5(2)|December 2019                                           102 


















































The J-O intensity parameters along with the experimental and calculated oscillator strengths of Erbium doped 
sample heated to 1000
0
C with the refractive index of glass sample, n=1.62 is given below in Table 1 and 2.  
 
Table 1: Shows oscillator strengths for the absorption bands of Erbium doped sample. 
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         4
F9/2 0 0.5354 0.4618 0.4575 0.44 
         4
S3/2 0 0 0.2211 0.0422 0.069 
        2
H11/2 0.7125 0.4125 0.0925 1.347 1.347 
         4
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         4
F9/2 653 15313 17.18
5 





         4
S3/2 543 18416 2.679 1 0.2 0.069 0 0 0.221
1 
0.0422 
        2
H11/2 521 19193 52.09
4 







         4
F7/2 488 20491 10.59
5 











433 23094 1.324 1 0.2 0.0342 0 0 0.127
2 
0.0304 
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The J-O intensity parameters Ωλ (λ=2, 4, 6) are found by comparing experimentally and theoretically calculated 
oscillator strengths, but in our present studies have found some trend that relates the parameters to the local 
environment of the Er
3+
ions. From table-1 it is found that J-O intensity parameters have the following trends 
Ω2 > Ω4 > Ω6. The large value of Ω2 indicates the presence of covalent bonding between the rare earth ions and 
glass host. The J-O intensity parameter Ω2 is very sensitive to the structure and it is associated with the 
symmetry and covalency of lanthanide sides. On the other hand Ω4 and Ω6 values show the viscosity and 
dielectric properties of the media and also affected by the vibronic transition of the rare earth ions bond to the 
ligand atoms. J-O intensity parameters can be used to calculate the spectroscopic quality factor (SQF = 
Ω4 
Ω6 
 ) = 




In this work Er
3+
doped in sol-gel silica glass is characterized. The optical absorption of the prepared sample is 
used to study the spectroscopic properties and to obtain Judd-Ofelt intensity parameters. The Judd-Ofelt 
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